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Need to measure neutron flux over 7 orders of magnitude with high precision to 

predict the number of neutron induced events in the Ricochet experiment

Total integrated flux = 0.35 s-1.cm-2

Neutron monitoring
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Use of He3 Neutron Capture Detector (NCD) based on the following process:

Cathode (gnd)

Anode (+HV)

n

p

t

n
p

t

Evis = 764 keV

Evis < 764 keV

p and t release most of their 
energy by ionization

Amplification of the signal due 
to avalanche process near the 

anode wire

E ~ 1/r

Measurement of the collected 
charges proportional to the 

event energy

He3

He3

Neutron monitoring
 - Cylinder shape: 200 cm long, 5.08 cm diameter => active volume ~ 4000 cm3
 - Gaseous TPC: 85% 3He + 15% CF4 @ 2.53 bar 
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proton: 573 keV
triton: 191 keV
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Neutron monitoring
Detector

HV

preamplifier

NCD

n capture
events
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Neutron monitoring
 - Charge readout: charge preamplifier Canberra
(rise time: 75 ns and fall time: 50 us)
 - ADC 8 bits: NI USB-5132 @ 50 MHz
 - DAQ software: Labview
 - Optimal HV: 1.95 kV
 - Energy resolution @ 764 keV: 3.3%

Geometrical effect
p and/or t hit the wall

Neutron capture
Sensitive to p and t track orientation

DATA
Selection window

Count the number of events

DATA

Slope = event rate

DATA

color corresponds to density of energy distribution

Rise time discrimination
Possibility to reject some background (study ongoing)
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Neutron monitoring
A bonner sphere approach

- NCD are mostly sensitive to thermal neutrons (cross section ~ 10^4 barns) 

- Use layers of PVC to «slow down» neutrons, due to multiple collisions with hydrogen 

(mostly), and to be able to measure neutron flux up to MeVs and to recover the energy 

dependence of the neutron flux!

PVC
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Neutron monitoring
Geant4 simulation of detector

PVC pipes

NCD

7

Proposed 
Layers 

[imperial]

inner 
diameter [in]

outer 
diameter [in]

inner radius 
[in]

outer radius 
[in]

nominal wall 
thickness [in]

outer radius 
to remove [in]

outer radius 
after removal 

[in]

wall thickness 
after removal 

[in]

total 
thickness of 

PVC [in]

price for 10 
feet

supplier

2-1/2”
3”
3-1/2”
4”
5”
6”
8”
10”
12”

2.290 2.875 1.145 1.4375 0.293 0.006 1.432 0.287 0.287 33.00 US Plastics Corp.
2.864 3.500 1.432 1.75 0.318 0.087 1.663 0.231 0.518 40.80 US Plastics Corp.
3.326 4.000 1.663 2 0.337 0.107 1.893 0.230 0.748 unknown
3.786 4.500 1.893 2.25 0.357 0.000 2.250 0.357 1.105 58.60 US Plastics Corp.
4.786 5.563 2.393 2.7815 0.389 0.000 2.782 0.389 1.4935 unknown
5.709 6.625 2.855 3.3125 0.458 0.000 3.313 0.458 1.9515 111.50 US Plastics Corp.
7.565 8.625 3.783 4.3125 0.530 0.000 4.313 0.530 2.4815 151.50 US Plastics Corp.
9.493 10.750 4.747 5.375 0.629 0.000 5.375 0.629 3.11 224.70 US Plastics Corp.

11.294 12.750 5.647 6.375 0.728 0.000 6.375 0.728 3.838 307.40 US Plastics Corp.

927.50

Proposed 
Layers [SI]

inner 
diameter [cm]

outer 
diameter [cm]

inner radius 
[cm]

outer radius 
[cm]

nominal wall 
thickness 

[cm]

outer radius 
to remove 

[cm]

outer radius 
after removal 

[cm]

wall thickness 
after removal 

[cm]

total 
thickness of 

PVC [cm]

price / foot price for 10 
feet

supplier

2-1/2”
3”
3-1/2”
4”
5”
6”
8”
10”
12”

5.817 7.303 2.908 3.651 0.743 0.014 3.637 0.729 0.729
7.275 8.890 3.637 4.445 0.808 0.221 4.224 0.587 1.316
8.448 10.160 4.224 5.080 0.856 0.272 4.808 0.584 1.900
9.616 11.430 4.808 5.715 0.907 0.000 5.715 0.907 2.807

12.156 14.130 6.078 7.065 0.987 0.000 7.065 0.987 3.793
14.501 16.828 7.250 8.414 1.163 0.000 8.414 1.163 4.957
19.215 21.908 9.608 10.954 1.346 0.000 10.954 1.346 6.303
24.112 27.305 12.056 13.653 1.596 0.000 13.653 1.596 7.899
28.687 32.385 14.343 16.193 1.849 0.000 16.193 1.849 9.749

Proposed 
Layers 

[imperial]

inner 
diameter [in]

outer 
diameter [in]

inner radius 
[in]

outer radius 
[in]

nominal wall 
thickness [in]

outer radius 
to remove [in]

outer radius 
after removal 

[in]

wall thickness 
after removal 

[in]

total 
thickness of 

PVC [in]

price for 10 
feet

supplier

2-1/2” (sch. 80)
3” (sch. 80)
4” (sch. 80)
6” (sch. 80)
8” (sch. 80)
10” (sch. 80)
12” (sch. 80)

2.323 2.875 1.162 1.4375 0.276 0.000 1.438 0.276 0.276 33.00 US Plastics Corp.
2.900 3.500 1.450 1.75 0.300 0.000 1.750 0.300 0.576 40.80 US Plastics Corp.
3.826 4.500 1.913 2.25 0.337 0.000 2.250 0.337 0.913 58.60 US Plastics Corp.
5.761 6.625 2.881 3.3125 0.432 0.000 3.313 0.432 1.345 111.50 US Plastics Corp.
7.625 8.625 3.813 4.3125 0.500 0.000 4.313 0.500 1.845 151.50 US Plastics Corp.
9.564 10.750 4.782 5.375 0.593 0.000 5.375 0.593 2.438 224.70 US Plastics Corp.

11.376 12.750 5.688 6.375 0.687 0.000 6.375 0.687 3.125 307.40 US Plastics Corp.

927.50

Proposed 
Layers [SI]

inner 
diameter [cm]

outer 
diameter [cm]

inner radius 
[cm]

outer radius 
[cm]

nominal wall 
thickness 

[cm]

outer radius 
to remove 

[cm]

outer radius 
after removal 

[cm]

wall thickness 
after removal 

[cm]

total 
thickness of 

PVC [cm]

price for 10 
feet

supplier

2-1/2” (sch. 80)
3” (sch. 80)
4” (sch. 80)
6” (sch. 80)
8” (sch. 80)
10” (sch. 80)
12” (sch. 80)

5.90 7.30 2.95 3.65 0.70 0.00 3.65 0.70 0.70 33.00 US Plastics Corp.
7.37 8.89 3.68 4.45 0.76 0.00 4.45 0.76 1.46 40.80 US Plastics Corp.
9.72 11.43 4.86 5.72 0.86 0.00 5.72 0.86 2.32 58.60 US Plastics Corp.

14.63 16.83 7.32 8.41 1.10 0.00 8.41 1.10 3.42 111.50 US Plastics Corp.
19.37 21.91 9.68 10.95 1.27 0.00 10.95 1.27 4.69 151.50 US Plastics Corp.
24.29 27.31 12.15 13.65 1.51 0.00 13.65 1.51 6.19 224.70 US Plastics Corp.
28.90 32.39 14.45 16.19 1.74 0.00 16.19 1.74 7.94 307.40 US Plastics Corp.

927.50

Proposed 
Layers [SI]

inner radius 
[cm]

outer radius 
[cm]

nominal 
thickness 

[cm]

total 
thickness of 

PVC [cm]
2-1/2” (sch. 80)
3” (sch. 80)
4” (sch. 80)
6” (sch. 80)
8” (sch. 80)
10” (sch. 80)
12” (sch. 80)

2.95 3.65 0.70 0.70
3.68 4.45 0.76 1.46
4.86 5.72 0.86 2.32
7.32 8.41 1.10 3.42
9.68 10.95 1.27 4.69

12.15 13.65 1.51 6.19
14.45 16.19 1.74 7.94
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Neutron monitoring
Geant4 simulation of detector

Includes realistic NCD geometry and PVC 
layers

Tracks physics from neutron injection to    
p+t production (QGSP_BERT_HP)

Allow us to compute fraction of incident 
neutrons that capture on 3He, main 
ingredient of the “transfer function”

Current simulation qualitatively reproduces 
observed energy spectrum from cosmic 
neutrons

Quantitative validation of simulation with 
AmBe source and refined cosmic neutron 
spectrum underway

Geometrical effect
p and/or t hit the wall

Full capture

General good agreement but some discrepancies:
- Need to double check with SRIM for the p and t ranges (shape of 
geometrical effect)
- Study for possible recombinaison and/or attachment
- Simulation of the whole detector response
- ...

Studies ongoing...8

573 keV
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Taking into account between 200 keV and 765 keV

Neutron monitoring
A bonner sphere approach

- We are now sensitive to neutrons up to 0(10) MeVs!

- As each layer has a sensitivity to a given range of neutron energy, possibility to recover the 

neutron flux from thermal to fast neutrons.
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Neutron monitoring
Recovering the neutron flux from NCD rate measurements:

A likelihood approach

Definition of the likelihood function:

Where T(E) are the transfer functions 
computed from Geant4

Expected neutron flux reconstruction 
sensitivity using maximum likelihood 
distribution

Reconstructed total flux = 0.35 ± 0.02 neutron /s/cm2 (~5% uncertainty)

MC

This example considers:
- MITR theoretical neutron flux
- 8 neutron energy bins
- 7 PVC layers
- An acquisition time of 20 minutes per layer

Where the theoretical rates are 
computed such as:

10
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Neutron monitoring
Estimation of the error propagation using an MCMC sampling
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This example considers an other configuration:
- MITR theoretical neutron flux
- 6 neutron energy bins
- 11 PVC layers
- An acquisition time of 20 minutes per layer

Will allow us to compute the probability density distribution of neutron induced events in Ricochet
11

vendredi 8 février 13



Neutron monitoring
Next things to do:

- Build transfer functions from incident neutron energy to NR probability in the 

Ricochet experiment

- Compare Geant4 and SRIM and simulate the whole detector response

- Construction of the PVC layers (we will get them in a couple of weeks)

- Measure the atmospheric neutron flux and compare it to CRY simulation

- Measure the AmBe neutron flux for cross validation

- Start taking data for the characterization of the MIT Reactor
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